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Advanced Sensors and Controls

A Develop advanced sensors and
controls to support development
of technol ogil es
portfolio

A Enable optimized monitoring and
management using novel sensors
and controls

A Increase operational flexibility

A Maintain or improve
efficiency/availability

A Sharply reducing carbon emissions
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# Net-zero carbon power

NG turbines with Point -Source Capture
Hydrogen as bulk clean energy storage
Hydrogen production from carbon  -based fuels
with carbon capture @ support transition
Hydrogen utilization

A Hydrogen/NG blend turbines

A Hydrogen hybrid systems

Carbon dioxide removal and direct air capture
4/28/2023 2




Advanced Sensors and Controls N =]|NATONAL

A Provide sufficiently resolved
process data to make operational
optimization possible

A Spatial and time resolution, extreme
environments, sensor system cost

A Develop controls to  operate under
static or dynamic operating
conditions , especially under load
changes while optimizing for:

A Efficiency
A Operating cost
A Safety margin
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Examples:

A Boilers/gasifiers (slag, reducing gases, ash, acidic species)

A Solid oxide fuel cells (oxidizing and reducing flows) and
reversible SOFCs (load cycling)

A Chemical looping (high temperatures and erosion)
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Technology Areas for Sensors and Controls

Carbon Storage and

Subterranean

chemistry

A Assure CO, storage
stability

A At the Wellhead

A Downhole

A High pressure water
or brine
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Hydrogen Production and
Utilization
A Modular gasification
A waste plastics /
MSW
A Sustainable biomass
A Coal waste deposits
A Microwave fuel
reforming
A Chemical Looping
A Hydrogen/Blend GT
A SOEC
A Ammonia systems

SOFC

Fuel
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Hybrid NG/Hydrogen
Systems

A 800°C in SOFC
A 1,500°C in GT

A Transient controls
A + CO, storage
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Novel Systems

A Direct Air
Capture

A Supercritical

CO, cycles

Other relevant
applications?




Advanced Sensors and Controls FWP

Sensors & Instruments

A High temperature
optical fiber sensors
A Crystalline fiber
A Sensing materials
A Interrogation

A Real-time gas
composition analysis
of hydrogen blends

A LIBS for subterranean
sensing of fluid
migration

Controls

A Cyber -physical systems
as a zero -carbon
Integrated energy
system development
acceleration tool

A Online System
|dentification for power
plants
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Novel Concepts

Al for screening and
design of functional
materials

Quantum sensors for
FECM applications

VLC 0 Alternative to RF

Direct Power
Extraction (a.k.a.
Magnetohydrodynamic
power production)




Advanced Sensors Program
Fiber Optic Sensor Projects

Speaker: Michael Buric, Staff Scientist
NETL, RIGMEM

With: Guensik Lim, Jeff Wuenschell, and Gary Lander
(LEIDOS contractor scientists)




Research Breakdown: Overall Objectives ¥E

A Task 249 Single Crystal Fiber growth and sensing with Raman DTS

A Perform distributed temperature sensing in extremely harsh environments including
combustion, gasification, SOFCs, turbines, and others

A Replace single -point with distributed measurements to enable full system visibility

A Task 228 Functional Coatings for Hydrogen gas sensors in harsh -
environments
A Produce novel gas -sensitive coatings for optical fibers
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A Introduce gas sensors in high -value locations (inside SOFCs, high -temp combustor

exhaust, etc.)
A Use this sensor data for improved efficiency and control of hydrogen systems
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Coal / Waste Combustion Solid Oxide Hvbrid
Plastic Biomass Turbines (H2 Fuel Cells / S ﬁtems Nuclear Solar Thermal
Gasifiers or NG) Electrolyzers y
Temperatures| Up to 1600C Up to 1300C Up to 900C Up to 1000C | Up to 1000C Up to 700C
.| Pressure ratios . System High pressure | High pressure
Pressures Up to 1000 psi 30-1 Atmospheric dependent steam Steam
Highly . .
reducing, - Oxidizing and | Oxidizing and| ~2mmaan Daily
Atmosphere . Oxidizing ; : neutron . .
erosive, reducing reducing radiation heating/cooling
corrosive
O,, gaseous
Hydrogen from
Examples of H,, O, CO, CQ fuels (natural gaseous fuels My, NG Headspace |\ ier brine
h ical fiber? Important H,0, HS, CH gas to high and oxvaen components, | gases, water, molten salts
Why ?pt'c_a I'_er' ; x  Single crystal fiber Species ' ' 7% | hydrogen), CO trom Z?r contaminants molten salt
No electrical interference High melting point Co, NQ, SQ

Medium temperature (~8OOC)Z: Corrosion resistant

O 0TAWN R X

ISlngIe fegdthrough 3. Compact size (100 microns)
En eX.FeP SN? lized 4. Wide transmission window

astly functionatize 5. Benefits of silica +lovdH absorption
Distributed!
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Tech info: Making single -crystal fiber with LHPG

To o

CO, laser source for
heating

Seed fiber :
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oDoughnut 6 beam s rotation
surrounds molten zone with et
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Motors advance feedstock Mirror
(pedestal) and fiber il

mirror

Slow process (mm/min)
Grows pure crystals (no
cladding)

CO, Laser
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